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Introduction
During normal secondary palate morphogenesis, three distinct
sequences of events take place, namely:

a) growth and transposition

of vertically directed palatal processes into a horizontal position;

D) growth of the horizontal processes until their approximation in the
midline; and c) ultimate breakdown of epithelial wall between the two
processes and fusion.
Literature is abundant on the study of the above phases in normal
human and laboratory animal fetuses, and these major steps of palatal
closure are agreed upon.

However, the mechanism by wlu_ch each individual

sequence occurs is not well understood.

The past investigations have

explained the development of the secondary palate as being a result of
changes within the palatal processes or from changes in the surrounding
craniofacial structures, or combination of both.
In several studies authors have alluded to differential growth of

the palatal processes as a vital factor in the development of the second-

ary palate.

However, a majority of the conclusions are based upon

histological observations and inadequate methodology.

In general very

little attention has been paid by investigators to the normal pattern
of cell dynamics during the development of the palatal processes.

Few

investigations have made an attempt to study the DNA synthesis of the
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cells of the palatal processes prior to and during fusion (Kochhar,
1968; Nanda, 1969, '71; Matt et a1., 1969).

The emphasis in these

investigations was to study the effect of hypervitaminosis A (Kochhar,
1968; Nanda, 1971) and cortisone (Mott et al., 1969) on the ability
of the cells of the palatal processes to proliferate rather than
sequential normal cell dynamics and palatal closure.

Their results

as shown by labeling index indicate that the drugs significantly reduce the number of tritiated thymidine labeled cells in unfused processes of drug induced fetuses.

This finding as well as lack of studies

on the role of cell proliferation in the development of normal secondary
palate, emphasizes the need of an organized investigation on this subject.
Review of Literature
The present' study will investigate the events leading to the
closure of the normal secondary palatal processes of Wistar albino
rats, with special emphasis on the role of cellular kinetics.
During normal secondary palate morphogenesis, five distinct sequences
of events must take place:
1.

Transposition of vertically directed palatal shelves
into a horizontal position.

2.

Subsequent growth of the two palatal shelves, primarily in a horizontal direction, until they approximate one another.
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3.

The formation of a laminated wall of epithelium on
the approximating surfaces of the two opposing palatal shelves.

4.

Fusion of the approximated epithelial cells followed
by their subsequent degeneration.

5.

Coalescence of the underlying mesenchymal cells, which
results in the formation of a single continuous secondary
palate.

Literature is abundant on the study of the above phases in
normal as well as drug treated laboratory animals.

However, the

majority of the work in the past has been directed towards toxicological and anatomical aspects and gross changes in the normal and
abnormal development of the secondary palate.

Unfortunately, very

little attention has been paid to understanding the basic cellular
changes and their role in the spatial change, growth, and ultimate
closure of the palatal processes.

At the same time, although the

broad aspects of palatal closure, as listed above, are generally
agreed upon, the particular aspects of certain individual phases
are surrounded in controversy and conjecture.
The ~ode by'~hich the palatal processes reorient themselves
from a vertical to a horizontal position is the first area of disagreement in the literature.

As early as 1920, Shaeffer reported

that differential growth of the palatal processes causes this change
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in their position.

Peter (1924) said that the palatal processes

achieve their new position by rotation, but did not explain the
mechanism.

In 1937, Pons Tortella's work suggested that Shaeffer's

differential growth theory may have been feasible.

Using human

fetus material, he concluded thaf'a positional change may have
resulted from regression at the inferior border of the vertically
positioned palatal processes and concomitant outgrowth of the medial
border.

However, all these investigators could not substantiate their

conclusions and hypotheses by the techniques they employed to study
this complex and fascinating subject.
One mechanism for reorientation of the palatal shelves from a
vertical to a horizontal position has been offered by Walker and
Fraser (1956).

They stated that an internal force in the palatal

processes produced a gradual increase in tension which drove the
shelves to a horizontal position.

Larsson (1960) and Walker (1961)

postulated that a gradual buildup of acid mucopolysaccharides in the
ground substances of the palatal shelves produced the internal force
necessary to reorientate the direction of movement of the shelves.
Later, Walker (1961, 1967) used hyaluronidase to inhibit the mucopolysacchairdes present in the palatal shelves.

His experiments failed

to disrupt palatal shelf movement, which suggested that another mechanism
may be responsible for the palatal shelf convergence.

Anderson and

Matthissen (1967) suggested vascular development within the processes
may playa role.
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Work by Harris (1964) and Verrusio (1970) hypothesized that
changes of the spatial relation between the cranial base and the
palatal shelves provided the force necessary to cause palatal shelf
closure.

In essence, they proposed the possibility of a mechanical

stress produced external to the shelves rather than an internal cellular stress as a possible mechanism for shelf movement and subsequent
closure.
Several studies have reported that changes in spatial relationship of the tongue to the palatal processes plays a major role in the
horizontalization (Peter, 1913; Lazzaro, 1940; Walker, 1969).
brings up another interesting problem posed by various studies:

This
whether

the palatal processes become horizontal by pushing the tongue down or
the tongue drops. down due to cranial base flexure (Harris, 1964), oral
reflexes (Humphrey, 1969) and/or growth of the mandible in a downward
direction (Nanda, 1969).
The uncertainty concerning the role of the tongue and change
in the direction of the palatal processes is probably best summarized
by the noted embryologist Patten (1971):
gresses, the

posi~ion

"As the development pro-

of the tongue is shifted downward and the margins .

of the palatal shelves are free to swing upward and toward the midline.
This change in the relations between the tongue and the palatal shelves
is crucial for completion of the palate.
needed concerning this process.

Much more information is

Which is the prime mover in change of
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relations?

Does the tongue actively move down?

Is the tongue

squeezed out from between the palatal shelves by their growth and its
change in shape a result of release of lateral pressures on it?

Or

is differential growth of the floor of the mouth such that it pulls
the tongue out from between the palatal shelves?

In spite of many

attempts with laboratory animals to analyze this process, the answers
are as yet unsatisfactory.

It is a challenging field for further

work because its normal progress, and especially its critical timing,
is so obviously important for the normal completion of the palate."
Thus many questions remain unanswered concerning the horizontalization of the palatal processes.

Basic of them all is what role

cellular proliferation plays in this change and whether there is any
differential growth of the vertical palatal processes.
The next area of controversy is the growth of the opposing
horizontal palatal processes towards each other until their final
approximation.

Several questions still remain unanswered and unexplored.

Is the approximation of the palatal processes caused by generalized
proliferation of the mesenchyme and epithelium of the palatal processes
and/or by migration of the mesenchymal cells?

Are certain areas of

the palatal processes such as the medial one-third contributing
more in their growth towards each other?
Very little attention has been paid by investigators to the
normal pattern of cell

dynam~cs

during the closure of the palatal
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processes.

Only three studies have been reported

in literature

(Kochhar, 1968; Nanda, 1969, '71; Mott, et al., 1969), where an
attempt has been made to study the DNA synthesis of the cells of
the palatal processes prior to fusion.

In these investigations,

emphasis was not to study the normal cell dynamincs and palatal
closure, but rather to investigate the effect of hypervitaminosis A
(Kochhar, 1968; Nanda, 1969, '71) and cortisone (Matt, et al., 1969)
on the ability of the cells of the palatal processes to proliferate.
Their results, as shown by labeling index, indicate that these drugs
3
significantly reduce the number of H -thymidine labeled cells in the
unfused palatal processes of drug induced fetuses.

This finding

further emphasizes the need of an organized study of the cell dynamics
of the palatal process and its role in the closure of the process.
Patten

(1971) believes that the approximation of the palatal

process is partially a migratory phenomenon (Figs. 2-12, p. 39).
However, he fails to provide an explanation or any supportive data
to substantiate his hypothesis.
Recently, the last three phases of the palatal fusion, namely,
formation of the wall of the epithelium after approximation of the
palatal process,

f~sion

of the approximated epithelial cells and

their subsequent degeneration, and coalescence of the underlying
mesenchymal cells, have been studied in detail, especially utilizing
electron microscope and in vitro techniques.

Pourtois (!~~~)_ ~~ported •
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that the epithelial cells of the opposing palatal processes are
held togethEr by "sticky substance" produced by these cells when
they approximate with each other.

Nanda (1973) postulated that

continued growth of the mesenchyme of the palatal processes towards
each other holds the two processes together prior to the breakdown
of their epithelium.

Thus, it is important to study the cell

dyn.amics of the mesenchyme and modulations, if any, in the proliferative ability of these cells prior to the breakdown of the
epithelial wall between the approximated palatal processes.
The disintegration of the epithelial wall and how it occurs has
been investigated in detail by ElM studies.
signs of autolysis in the epithelial wall.

Farbman (1968) observed
Mato, et ale (1965)

found numerous types of lysosomes in the epithelial cells at the
time of their disintegration.

Angelici and Pourtois (1966) showed

the presence of hydrolytic enzymes such as acid phosphatase within
the epithelial layer and postulated their role in breakdown of the
epithelial cell wall.

However, another possibility whi.ch exi.sts

is the "progranuned cell death" of the epithelial cells at fusion
areas which might have been histogenetically determined.

No

attempt

has been made to ~tudy the proliferative behavior of the epithelial
cells at the medial and nasal surfaces which respectively fuse with
opposing medial epithelial surface of the palatal process and that
of the nasal septum.
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The present study was undertaken to define the role of cellular
activity, as determined by tritiated thymidine uptake, within the
palatal processes during the different days of palatal development
in normal rat fetuses.
Materials and Methods
Sixteen female Wistar albino rats were utilized in the present
study.

All rats were housed in a constant temperature room with a

controlled light cycle (12 hours of light and 12 hours of dark), with
mating occurring during the dark period.

Female rats were placed with

male rats at 5:00 p.m. and were removed at 8:00 a.m.
were obtained.

Vaginal smears

If this test was positive it was taken as day 0 of

gestation.
The pregnant· rats were divided into four equal groups.
received one intraperitoneal injection of 250

~Ci/kg

Group I

of rat body weight

of tritiated thymidine (sp. act. 20 ci/m mole) on the 14th day of
gestation.

Similarly, groups 2, 3, and 4 received the same dosage of

isotope on days 15, 16 and 17 of gestation respectively.

All rats

were killed one hour after the tritiated thymidine (3HTdr ) administration.
Four fetuses from each rat were recovered and placed in Bouin's solution
for 24 - 48 hours.

The fetus heads were embedded in paraffin and 5

thick serial sections were cut.

~m

The sections were coated with Kodak

NTB-2 emulsion and exposed in the dark for 3 weeks.
developed and stained with hematoxylin-eosin.

The sections were.
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The autoradiograms were examined under Zeiss photomicroscope
(Fig. 5).

The palatal processes in the frontal plane of the fetus

head were studied in three regions.

The total number of sections

was counted from the first appearance of the secondary palatal processes or palate in the serial

f~ontal

where the palate was no longer visible.
was divided into three equal parts.

sections to the last section,
The total number of sections

The sections belonging to the

anterior part or near primary palate were grouped as the anterior
region.

The middle region was at the level of the eyes and the

posterior region was at a level posterior to the eyes.
The palatal processes were divided into three arbitrarily defined areas, namely, the tip, middle, and lateral, in each of the
previously described regions (Fig. 6).

The labeling index of the

cells of the palatal processes was calculated by recording the percentage of labeled cells in a sample of total population after an
exposure of 1 hour to

3

HTdr.

A total number of 1000 mesenchymal cells

was counted in each area using a counting grid placed in the eye piece
of the microscope.

The epithelial cells of the palatal processes were

counted separately in each of the following three areas:
presumptive zone

ot

facing the tongue.

cells at the

fusion, cells facing the nasal septum, and cells
The epithelial cells of the tongue towards the

palatal surface were also counted as controls.

A total of 250 epithelial

cells were counted in each of the above described areas.
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The labeling indices obtained for the different mesenchymal
areas and regions as well as epithelial areas were statistically
analyzed utilizing the standard analysis of variance and Duncan's
multivariant analysis.

These tests were utilized to find any sig-

nificant differences in DNA

activ~ty

which lllay exist between dif-

ferent days of gestation, as well as any differences in activity
between areas and regions within the same days.
Results

On days 14 (Fig. 1) and 15 (Fig. 2) the palatal processes were
vertically directed with the tongue lying between them.

On day 16

(Fig. 3) the processe? were horizontal and superior to the tongue.
day 17 (Fig. 4) various stages of fusion were observed.

On

Some fetuses

showed total mesenchymal fusion, and in others epithelial fusion or an
epithelial seam in the midline was present.
Tables 1-5 and Figs. 7 and 8 show the mean percentage of labeled
cells in different regions and areas of the palatal processes on different days of gestation.

On

.day 14, the tip area showed significantly

greater numbers of labeled mesenchymal cells (p<O.Ol) in all three
regions as compared to the respective middle and lateral areas.
In addition, on day 14 the cumulative labeling index of the different areas in the anterior region of the palate was significantly
higher than in the middle and posterior regions.
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The pattern of labeled cells in different areas and different
regions on day 15 was essentially the same as was observed for
day 14 (Table 2).
On day 16 (Table 4) there was a significant decrease in the
number of labeled cells at the tiP' and lateral areas as compared
to the activity in the same areas on days

14 and 15.

Over all, a

slight increase in the number of labeled cells was observed in the
middle area as compared to the previous ages.

Within day 16, the

middle area of the palatal process showed significantly higher
labeling activity (p<O.Ol) in all regions except in the anterior
region, as compared to the tip and lateral areas.
On day 17 (Table 5) an overall decrease in the labeling index

was seen in all areas, except that the decrease was least in the
lateral area.

Over the 4-day period, the lateral area of the palatal

processes showed the most consistent level of labeling.

The tip

area on day 17, which is fused at this time, showed least number of
labeled mesenchymal cells as compared to the other two areas.
The labeling index per day per each area and region are also depicted in graphs (Figs. 7 and 8) and histograms (Figs. 9, la, and 11).
The mean percentage of labeled epithelial cells showed a constant
decrease with advanced age (Table 6).

However, a significant decrease

in the number of labeled epithelial cells in the presumptive zone of
fusion was observed between days 15 and 16 and also between days 16 and

17.

The epithelial cells facing the nasal septum showed greatest de-

crease after 16 days.

•
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Discussion
The mechanism of palatal closure is presently not well understood.
The investigations in the past have hypothesized many factors for this
biological phenomena ranging from the role of the tongue and associated
craniofacial structures to "intrin.'sic" factors within the palatal processes.

Although differential cell proliferation (Lazzaro, 1940; Orban,

1957) has been alluded to in the previous studies as a primary factor
in the horizontalization and fusion of the palatal processes, to date
only a few investigations have made an attempt to study this variable.
A recent study of Jelinek and Dostal (1973), who utilized colcichine
in mice to study cell proliferation in the palatal processes has suggested
that highest cell proliferation activity was at least 24 hours prior to
horizontalization and was also greatest in the apical parts of the processes.

The findings of the present study support their results.

Further-

more, the results of the present study reveal a differential trend in
the DNA synthesis of the mesenchymal cells of the palatal processes on
different days of gestation and also in different areas and regions of
the processes.
Our data suggests that the vertical growth of the palatal processes
on days 14 -and 15 of gestation is associated with the peak labeling
index observed on these days as compared to days 16 and 17.

Furthermore,

a high labeling index observed at the tip and middle areas may suggest
a possible relationship of cell proliferation in horizontalization
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(Schaeffer, 1920; Orban, 1957).

However, cell proliferation can not

be called the primary factor as the tongue, mandibular movements
(Walker, 1969), and changes in the cranial base flexure (Harris, 1964)
have been shown to be associated with horizonta1ization of the palatal
processes.

Interestingly, Jelinek and Dostal (1974) recently reported

that they found horizontalization and fusion in three fetuses with
aglossia.

This finding somehow rules out that the tongue is a primary

factor in the mechanism of palatal closure.
The present results also showed an increase in the DNA synthesis
of the mesenchymal cells in the middle area and a fairly constant
activity in the lateral area of the 16 day old fetuses.

This shows

that during horizontal growth of the palatal processes towards each
other differential cellular proliferation takes place in different areas.
The epithelial cells showed a decrease in the 3HTdr uptake with
advanced age and the cells at the presumptive zone of fusion showed
the greatest decrease after day 16 of fusion.

This finding supports

the results of Hudson and Shapiro (1973), who also concluded that
decline in mitotic activity of palatal tip epithelium (presumptive
zone of fusion) supports the concept of programmed cell death (Held
and Saunders, 1965) for this tissue.
One factor which may have influenced results might be our arbitrary division of palatal processes in different areas and regions.
However, with the lack of reproducible landmarks in the fetus, this
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was the only mechanism available to study different areas and regions.
Utmost care was taken to imbed fetus heads in paraffin to control the
plane of sections.

Since significant differences were observed in the

labeling index in different areas and regions, we believe a small difference in arbitrary division of r~gions and areas may not have made
a significant difference in the final results.
Our investigation primarily attempted to define variations in
cellular proliferation, as indicated by tritiated thymidine uptake
by the cells of the palatal processes which may be responsible for
various stages of palatal development.

Thymidine uptake in different

areas and regions of tpe palatal processes is highly suggestive of
the levels of cellular proliferation, but it is not a rigorous proof
that all labeled cells will undergo replication.

At the present state

of knowledge, it is probably safe to assume that more than one mechanism is involved in the various stages leading to palatal fusion.
However, to understand the role of these variables, it is necessary
to establish their ultimate contributions to palatal formation.

Summary
The differential cellular proliferation of the palatal processes
in the Wistar albino rat was studied utilizing tritiated thylnidine
labeling.

3HTdr was given to pregnant rats at 14, 15, 16 and 17 days

of gestation.

The animals were killed one hour after injection.

The
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fetuses were removed and the heads were embedded, sectioned, and an
autoradiographic technique utilized.

The autoradiograms were examined

microscopically and labeling indices for various areas and regions of
the palatal processes were calculated.

The findings revealed that the

pattern of cellular activity of mesenchymal and epithelial cells changes
in different areas and regions of the palatal processes with different
stages of secondary palate development.
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TABLE 1

AVERAGE LABELING INDEX IN ALL
REGIONS AND AREAS BY DAY
DAY NO.
AVERAGE

14
15 16
17.6 16.7 15.1

17
8.17

AVERAGE LABELING INDEX ON ALL
DAYS IN ALL REGIONS AND AREAS

Region

Area
TIP

lZ3

MI DOLE

16.2
14.4

MI DOLE

14.9

POSTERIOR

12.7

LATERAL

11.0

ANTERIOR
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TABLE 2

DAY 14:
Area

Reg ion
TIP

MIDDLE

LATERAL

AVERAGES
OF REGION
'=

.".

ANTERIOR

28.2

18.0

14.8

20.4

MIDDLE

22.4

16.3

13.0

17.2

POSTERIOR

18.7

15.2

11.3

15.1

23.1

16.6

13.0

52.7

AVERAGE }
OF AREAS

,
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TABLE 3

DAY 15:
Region

Area
TIP

MIDDLE

LATERAL

AVERAGES
OF REGION
L

V'

ANTERIOR

22.9

18.4

14.0

18.5

MIDDLE

25.8

17.5

12.9

18.7

POSTERIOR

18.6

12.4

10.2

13.7

22.5

16.2

12.3

50.9

AVERAGE }
OF AREAS

~

L
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TABLE

4

DAY 16:
Area

Region

TIP

MI DOLE

LATERAL

AVERAGES
OF REGION
.......

'4y'4

ANTERIOR

1 9.0

17.2

MIDDLE

11 .3

14.8

10.3

13.0

14.4

17.4

10.6

15.3

17.1

17.9

10.2

45.2

POSTERIOR
AVERAGE
OF AREAS

}

9.92

16.9

r#
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TABLE 5

DAY 17:
Region

Area
TIP

ANTERIOR

6.98

MIDDLE

7.20

POSTERIOR

6.18
6.78

AVERAGE }
OF AREAS

MIDDLE

9.93
10.4

LATERAL

AVERAGES
OF REGION

10.1

9.01

'-

va

8.35

8.64

7.18

7.25

6.86

8.35

8.58

24.5

/'
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TABLE 6

AREA OF
EPITHELIUM

DAYS
14

15

16

17

FACING
NASAL SEPTUM

30.2

32.1

28.7

7.2

FACING
ORAL SURFACE

32.1

27.5 21.6 19.4

PRE SUMP~TIVE
ZONE OF FUSION

36.3

27.2

18.9

4.2

TONGUE
(CONTROL)

40.5

33.8

27.8

22.4

-2.9-

FIGURE 1
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FIGURE 2

';'27-.:

FIGURE 3
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FIGURE 4
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FIGURE 5
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FIGURE 6

1. TIP

2. MIDDLE
3. LATERAL

VERT ICAl

HORIZONTAL

PALATAL PROCESSES

PALATAL PROCESSES
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FIGURE 7

LABELING INDEX OF TIP, MIDDLE
AND LATERAL AREAS PER DAY
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FIGURE 8

LABELING INDEX OF ANTERIOR, MIDDLE
AND POSTERIOR REGIONS PER DAY.
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FIGURE 9

LABELING INDEX OF TIP AREA IN ANTERIOR,
MIDDLE AND POSTERIOR REGIONS PER DAY
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FIGURE 10

LABELING INDEX OF MIDDLE AREA IN ANTERIOR,
MIDDLE AND POSTERIOR REGIONS PER DAY
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FIGURE 11

LABELING INDEX OF LATERAL AREA IN ANTERIOR,
MIDDLE AND POSTERIOR REGIONS PER DAY.
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